• This study is the first to assess prognostic factors in patients with AHA treated according to a uniform immunosuppressive regimen.
Introduction
Acquired hemophilia A (AHA) is a serious condition with high morbidity and mortality that can occur in previously healthy men and women of every age. 1, 2 Neutralizing autoantibodies, called inhibitors, are formed against the factor VIII (FVIII) coagulant protein. The resulting lack of FVIII activity may cause significant spontaneous or trauma-induced bleeding. 3, 4 Risk factors for the occurrence of AHA include advanced age and underlying conditions such as malignancy, autoimmune disorders, pregnancy, and the postpartum period. 3, 5 Other risk factors, such as certain drugs, have also been suggested. 3, 6, 7 Immunosuppressive treatment (IST) with steroids, alone or in combination with cyclophosphamide, rituximab, or other immunosuppressants, results in remission of the disease in 60% to 90%. [7] [8] [9] [10] [11] With current IST regimens, the time needed to achieve remission varies from a few days to several months. 12 During this time, patients are at high risk of severe, sometimes fatal bleeding. 8 Given the high cost of hemostatic treatment of AHA, the long time needed to achieve remission is also economically important. Side effects of IST, in particular infections, contribute to an overall high morbidity and mortality. Recent observational studies reported mortality rates of 28% to 42%. 3, 8, 10 Given the variable prognosis of AHA, we aimed to establish clinically useful predictors of remission. This is best done in a large The online version of this article contains a data supplement.
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unselected population of patients treated according to a uniform protocol. Previous registries collected patients treated with a variety of regimens. Data indicated that patient baseline characteristics influenced the choice of treatment 8 and that in turn different regimens may have different outcomes. 9 We designed a prospective observational study of patients treated according to a well-defined, uniform IST protocol that was developed by the Acquired Hemophilia Working Group of the German, Austrian and Swiss Thrombosis and Hemostasis Society (GTH). Study sites in Germany and Austria have used this protocol since 2010. It was designed based on recommendations published in 2009 and 2010 13, 14 and additional information from a GTH survey among German, Austrian, and Swiss hemophilia centers. 15 
Methods
GTH AH 01/2010 was a multicenter prospective observational study of patients with AHA who were treated according to the GTH consensus protocol by 29 registered sites in Austria and Germany. The research protocol was approved by the ethic committees of participating institutions. Patients had to be enrolled within 7 days of starting IST to ensure unbiased prospective observation.
Study population
AHA was defined by the presence of a neutralizing FVIII inhibitor $ 0.6 Bethesda units (BU)/mL (lower limit of detection) and a FVIII activity , 50 IU/dL (lower limit of normal). Patients were eligible if they had AHA, gave informed consent, and were enrolled #7 days after starting IST. Patients developing AHA while on steroids for a concomitant disorder before the occurrence of AHA could be enrolled if IST according to the treatment protocol was initiated #7 days before enrolment. We excluded patients with congenital hemophilia A (with or without FVIII inhibitors) and patients planned to be enrolled in studies with investigational drugs.
One hundred and fifty-four patients were screened by the study centers between April 2010 and April 2013 (36 months). The number of patients per center varied between 1 and 17. Twenty-nine patients were not enrolled for various reasons (Figure 1 ). Of the 125 initial study patients, 5 were excluded because they did not meet the inclusion criteria (diagnosis of AHA not confirmed) or had insufficient baseline and follow-up information. Two study centers did not follow the GTH treatment protocol, and it was decided in November 2010 to collect their data but to exclude all patients from these centers from analysis (n 5 18). The resulting 102 patients were included into the primary and all secondary analyses.
End points
The primary end point was the time to achieve partial remission (PR), defined as FVIII activity restored to .50 IU/dL and no active bleeding after stopping any hemostatic drug for .24 hours. Secondary end points were time to complete remission (CR), defined as PR plus negative inhibitor test, prednisolone tapered to ,15 mg/day, and any other IST stopped; overall survival (OS); adverse events (AEs); and causes of death.
Treatment
Consensus statements published at the time of protocol development recommended starting IST with either steroid alone or steroids plus cyclophosphamide and to add either cyclophosphamide or rituximab once first-line treatment was unsuccessful. 13, 14 The GTH AH 01/2010 protocol used here was developed based on that statement.
Treatment started with prednisolone alone (daily dose 75 mg for patients ,60 kg, 100 mg for 60-100 kg, 150 mg for .100 kg) in weeks 1 to 3. Unless PR was achieved, treatment was escalated to prednisolone (same dose) plus cyclophosphamide (100 mg for ,60 kg, 150 mg for 60-100 kg, 200 mg for .100 kg) in weeks 4 to 6, and to prednisolone (same dose) plus rituximab (4 weekly doses of 375 mg/m 2 ) starting in week 7. Treatment escalation was withheld if a steady increase of FVIII activity was observed during 7 days before the planned escalation, but it had to be started whenever no further improvement was noted during a 7-day period. As soon as PR was achieved, cyclophosphamide and rituximab were stopped, if applicable, and prednisolone was tapered over 6 weeks (descending daily doses of 50, 25, 20, 15, 10, 5 mg for 1 week each).
If AHA was first diagnosed while on prednisolone .15 mg/day, patients were immediately escalated to treatment according to week 7 (prednisolone/rituximab). If cyclophosphamide was contraindicated, patients started on prednisolone (weeks 1-3) and were escalated in week 4 to prednisolone/rituximab (according to week 7). If prednisolone was contraindicated, patients started on rituximab alone from week 1. Cyclophosphamide was to be interrupted in case of neutropenia (,1000/mL) or thrombocytopenia (,100/nL).
Data collection
Data were collected using standardized case report forms. We collected demographic and baseline data (age, gender, underlying conditions, concomitant disorders, World Health Organization performance status [WHO-PS], local laboratory baseline FVIII activity, and Bethesda inhibitor titer) at study entry of each patient. FVIII activity was determined by 1-stage or chromogenic substrate assay; inhibitor concentration was measured using the Bethesda assay according to standard procedures at the local laboratory. Until CR was achieved, follow-up data were collected weekly, including treatment information (calendar dates of start and stop, dose, frequency and route of administration for any IST, hemostatic drug, and transfusion), laboratory data (FVIII activity and inhibitor concentration), and outcome data (calendar day of PR and CR; number, duration, and severity of bleeds and AEs including serious adverse events [SAEs] ; and calendar day and cause of death). After achieving CR, data were collected in months 1, 3, 6, 12, 18, and 24 after achieving CR. Individual patient data as entered into the database were provided back to the local study coordinator for source-data verification.
Statistical analysis
The day of starting prednisolone was defined as day 1 for all analyses. Medians and ranges or interquartile ranges (IQR), or patient/event numbers and frequencies, were used to describe data as appropriate. Age, baseline FVIII activity, inhibitor concentration, and WHO-PS were dichotomized by a clinically useful divider near the median as indicated. Frequencies were compared using odds ratios (ORs) or relative risk with 95% confidence intervals (CIs) and compared using Fisher's exact test.
Univariate and multivariate Cox regression analysis was performed for the time to PR, CR, and OS. Patients were censored if they were alive but had not reached the end point at the end of study. In those who died before reaching PR or CR, the time to the PR/CR end point was set to infinity because these patients no longer had a chance to achieve this end point. Predefined categorical and dichotomized baseline variables were entered as independent factors as indicated. Hazard ratios (HRs) were calculated for each factor together with CI.
Logistic regression and receiver-operator characteristic (ROC) analysis were performed to assess baseline characteristics of patients who achieved PR within 21 days with steroids alone. For logistic regression, dichotomized factors entered into the analysis were age, gender, underlying disorder, WHO-PS, FVIII activity, and inhibitor concentration. Stepwise backward selection was performed to eliminate nonsignificant factors (P . .05). For ROC analysis, FVIII activity and inhibitor concentration were entered as test variables. ROC curves and the respective areas under the curves (AUC) with 95% CI intervals were determined, and sensitivity, specificity, and positive and negative predictive values were calculated.
For all analyses, a P value ,.05 was considered statistically significant.
Results

Baseline characteristics
Demographics and baseline characteristics of the 102 patients are summarized in Table 1 . The median age was 74 years. Malignancy as an underlying disorder was more often reported in male patients (19%) than in female patients (5%, P 5 .04). In contrast, autoimmunity as an underlying disorder tended to be more frequent in females (28%) than in males (14%, P 5 .08). The distribution of factor activity and inhibitor concentration is presented in supplemental Figure 1 (available on the Blood Web site). The median FVIII activity at baseline was 1.4 IU/dL (range ,1 to 31), and the median inhibitor concentration was 19 BU/mL (range 1.1 to 1449). More clinically useful thresholds of FVIII activity ,1 IU/dL and inhibitor concentration .20 BU/mL were used for subsequent analyses. Patients with a high inhibitor concentration (.20 BU/mL) more often had a low FVIII (,1 IU/dL, 60% of patients) compared with other patients (33%, P 5 .009). There was no significant association of inhibitor concentration or FVIII activity with underlying disorder, age, gender, or other baseline characteristics.
IST
The patient flow along the course of IST is outlined in Figure 1 . All but 1 patient, who died on day 1, started on prednisolone. Forty-eight Outcomes PR and CR. Figure 2 shows the patient flow through different remission states. Median, IQR, and range for the time to remission are provided in Table 2 . A total of 85 (83%) patients achieved the primary end point, PR, after a median of 31 days, and 62 (61%) patients achieved CR after a median of 79 days.
Recurrence after PR and CR. After achieving PR, 19 (22%) patients recurred before achieving CR, ie, FVIII activity dropped to ,50 IU/dL during the 6-week steroid tapering phase ( Figure 2) ; 18 of them (95%) achieved a second PR after increasing steroids according to protocol, and 11 (58%) achieved a CR. Recurrence after achieving CR was noted in 15 of 62 patients (24%). Twelve (80%) of these patients achieved a new PR, and 7 (47%) achieved a new CR. At the end of study, 49 patients (48% of the entire cohort) were in stable CR for a median time of 403 days.
Survival and causes of death. The median follow-up time for all subjects was 262 days (IQR 87-612). At final follow-up, 68 (77%) patients were alive. The 1-year survival rate was 68% (CI 58% to 77%). Frequent causes of death among the 34 patients who died were infections (n 5 16), cardiovascular disorders (n 5 6), the underlying disorder (n 5 3), and bleeding (n 5 3; supplemental Table 1 ). Fourteen deaths were reported as being possibly, probably, or definitely related to complications of IST. Of the 6 deaths from cardiovascular events, 3 events (2 patients with ischemic stroke and 1 patient with myocardial infarction) occurred .50 days after achieving PR and were unrelated to hemostatic treatment. Three deaths from cardiovascular cause were attributed to hemostatic treatments: 1 death was due acute portal vein thrombosis occurring on day 6 (while on recombinant factor VIIa [rFVIIa] for 3 days) and 2 deaths were due to ischemic stroke occurring on days 5 and 35 (both while on rFVIIa and tranexamic acid for 7 and 11 days, respectively). Taking into account the total number of patients exposed to rFVIIa (n 5 63), tranexamic acid (n 5 32), or both (n 5 21), the crude rate of fatal vascular events was 5% for rFVIIa and 10% for the combination of rFVIIa and tranexamic acid.
AEs. In total, 169 AEs, including 92 SAEs and 38 fatal AEs, were recorded in 67 of the 102 patients (supplemental Table 2 ). Of these, 51 (30%) were probably or definitely related to IST, including infection, worsened or newly diagnosed diabetes mellitus, mucous membrane ulcers, and psychiatric disorders, all being typical complications of prolonged corticosteroid therapy. Infections were significantly associated with mortality: 20 of 37 (54%) patients with infections died, compared with 14 of 65 (22%) patients without infections (P 5 .001). Cardiovascular events were the second most frequent type of AEs, including 7 fatal events in 6 patients (supplemental Tables 1 and 2 ). Eight cardiovascular events were of thromboembolic nature, 4 of which occurred after achieving PR with no hemostatic treatment involved. Four events were related to hemostatic treatments (3 fatal events reported above and 1 nonfatal myocardial infarction occurring on day 21 while on a combination of rFVIIa and tranexamic acid since day 1).
Prognostic factors
PR. The probability of achieving PR and the time needed to achieve PR are outlined according to baseline characteristics in Table 3 . PR was achieved less frequently, after a longer time, and with a lower rate (as expressed by a HR below 1) in patients with a baseline FVIII activity ,1 IU/dL. There was a trend toward a lower PR rate with higher baseline inhibitor titer that did not reach statistical significance (Table 3) . Age, gender, underlying disorder, and WHO-PS were not significantly associated with time to PR. When these factors were entered into a multivariate Cox proportional hazard model, baseline FVIII activity ,1 IU/dL remained significantly associated with time to PR (Table 4 and Figure 3A) .
We also assessed characteristics of the 25 patients who achieved PR by day 21 with steroids alone. This subset of patients had a particularly good prognosis: 88% survived until the end of the study, and 85% achieved a CR after a median of 50 days (IQR 42-75). These patients were best predicted by a multivariate logistic regression model containing baseline FVIII activity $1 IU/dL (adjusted OR 5.01, CI 1.52-16.9, P , .01) and inhibitor concentration #20 BU/mL (5.40, CI 1.63-17.9, P , .01). Age, gender, underlying disorder, and WHO-PS did not significantly contribute to the model. Patients with FVIII activity $1 IU/dL and inhibitor #20 BU/mL at baseline comprised 30% of the study population. Their chance to achieve PR with steroid alone by day 21 was 53%, compared with 9% in the other patients (OR 11.2; CI 3.86-32.4; P , .0001). ROC analysis was performed to assess the full range of FVIII activity and inhibitor concentrations to predict early PR (Table 5 ). Particularly useful negative predictive values (.0.9) were found for low FVIII activity and high inhibitor concentration. Moderate positive predictive values of about 0.6 were found for higher FVIII activity thresholds and lower inhibitor concentrations. CR. CR was achieved with a lower rate in patients with baseline FVIII ,1 IU/dL and WHO-PS .2 according to univariate analysis (data not shown) and multivariate analysis (Table 4 and Figure 3B ). The impact of WHO-PS on the time to CR was primarily due to the fact that patients with a WHO-PS .2 were more likely to die before achieving CR (relative risk 2.37; CI 1.50-3.74, P , .001). In patients who actually achieved CR, there was no difference in the median time to CR comparing patients with WHO-PS #2 (71 days) and WHO-PS .2 (68 days).
Survival. Univariate analysis indicated that baseline FVIII activity ,1 IU/dL, inhibitor concentration .20 BU/mL, age .74 years, WHO-PS .2, male gender, malignancy, and renal failure were associated with poor OS (not shown). In multivariate analysis, 3 baseline characteristics remained independent predictors of poor OS: FVIII activity ,1 IU/dL, WHO-PS .2, and malignancy (Table 4 and Figure 4 ).
Discussion
This study is the first to establish baseline characteristics as predictors for outcome in AHA. We demonstrate that baseline FVIII activity has a strong impact on the time needed to achieve PR and CR. A baseline FVIII activity of ,1 IU/dL was also associated with poor survival. In contrast, a higher FVIII activity and a lower inhibitor concentration at baseline increased the chance to achieve PR within 21 days while on treatment with steroid alone. We found a weak correlation between baseline FVIII activity and inhibitor concentration and, in fact, FVIII activity was a better predictor of outcomes than the Bethesda inhibitor titer. This may be due in part to the high variability of inhibitor measurement, in particular with type 2 inhibitors that are often seen in AHA. 16 Nevertheless, inhibitor concentration appeared useful, similar to FVIII activity, to predict early PR within 21 days while on treatment with steroid alone. In particular, a low FVIII activity and a high inhibitor concentration at baseline provided a high negative predictive value (.0.9) to exclude early PR. This finding may provide a basis to treat those patients with more intensive IST up front, as their probability of obtaining remission with steroids only is very low. For personal use only. on April 8, 2017 . by guest www.bloodjournal.org From Clinical management of AHA, in particular IST, has been mainly based on expert opinion and limited information from registries. 2, 13, 17 A single controlled study has been performed that lacked statistical power to compare the treatments used. 18 The largest available registry, the European Acquired Hemophilia Registry (EACH2), was retrospective in part (patients could be enrolled retrospectively for up to 3 years) and did not enroll, in some countries, patients who died. 3, 9 Patients were treated with IST regimens of variable intensity. 9 The data suggested that lower baseline FVIII activity and higher inhibitor concentration were associated with a longer time to inhibitor eradication. 9 To our knowledge, this potentially important finding has not changed clinical practice guidelines, possibly because this analysis could not be adjusted for treatment regimen, which may have had an impact on time to remission as well. In fact, EACH2 investigators reported that a combination of steroid and cyclophosphamide resulted in faster remission than steroid alone. 9 A meta-analysis of 249 published cases came to the same conclusion, 12 whereas the UK surveillance study did not detect a difference between these regimens. 8 Of note, the latter study found that combination therapy was used more often in patients with higher inhibitor concentrations, indicating that disease severity may have confounded the effect of treatment. A survey among hemophilia centers in Austria, Germany, and Switzerland showed that many factors, including severity of bleeding, the required duration of expensive hemostatic treatments, and inhibitor concentration influence the physician's choice of IST. 15 If physicians tailor the intensity of treatment to the perceived severity of disease (including suspected prognostic factors), the analysis of prognostic factors can be seriously confounded, unless it is stratified for treatment. We therefore aimed to study prognostic factors in a group of patients treated according to a uniform IST protocol.
The GTH-AH 01/2010 treatment protocol was designed in 2008. It was influenced by consensus recommendations and data from the UK surveillance study indicating that steroid alone vs steroid plus cyclophosphamide were treatments of similar efficacy and safety. We followed a simple escalation strategy, starting with steroid alone (weeks 1-3), adding cyclophosphamide (weeks 4-6) and rituximab (weeks 7-10), as long as PR was not achieved. Escalation had to be withheld per protocol if patients showed a continuous increase of FVIII, which turned out to be a feasible strategy. Further exceptions were allowed per protocol in the presence of contraindications. Importantly, however, no choice of treatment was allowed because of perceived severity of disease, bleeding tendency, laboratory parameters, or other baseline characteristics. Enrolment was strictly prospective, and all cases from study sites were excluded if the site did not follow the protocol. Outcomes achieved with the GTH protocol were largely similar to other recent studies: CR was achieved by 61% of patients (UK surveillance study 71%, 8 French Surveillance des Auto antiCorps au cours de l'Hémophilie Acquise [SACHA] study 61% [reported after 1 year], 10 EACH2 study 72%) 3 ; mortality was 33% (United Kingdom 43%, SACHA 33%, EACH2 26%); death due to infection occurred in 16% of the whole cohort (United Kingdom 11%, SACHA 12%, EACH2 4%); and death due to bleeding occurred in 2.9% of the whole cohort (United Kingdom 9.1%, SACHA 3.5%, EACH2 4.5%). Compared with the historic collection by Green and Lechner, 6 who found in 22% their patients death directly or indirectly attributable to the presence the inhibitor, we recognize infection as the major cause of death in AHA today.
Our prognostic factor analysis demonstrates a significant effect of baseline FVIII activity on the time to achieve PR or CR. Even more relevant for clinical practice, baseline FVIII activity and inhibitor concentration could be used to define a subgroup of patients with better prognosis. This group, characterized by a lower inhibitor titer (,20 BU/mL) and a higher baseline FVIII activity ($1 IU/dL), comprised about one-third of patients and was found to have .50% chance of achieving PR with steroids alone by day 21. Patients not belonging to this group had a ,10% chance of achieving PR early as further 
